In squamous cell carcinoma, squamous cell carcinoma antigen levels are often elevated. This multi-center study evaluated the technical performance of a new Elecsys Ò squamous cell carcinoma assay, which measures serum squamous cell carcinoma antigen 1 and 2 levels in an equimolar manner, and investigated the potential of squamous cell carcinoma antigen for differential diagnosis of cervical, lung, and head and neck squamous cell carcinoma.Assay precision and method comparison experiments were performed across three European sites. Reference ranges for reportedly healthy individuals were determined using samples from banked European and Chinese populations. Differential diagnosis experiments determined whether cervical, lung, or head and neck cancer could be differentiated from apparently healthy, benign, or other malignant cohorts using squamous cell carcinoma antigen levels alone. Squamous cell carcinoma antigen cut-off levels were calculated based on squamous cell carcinoma antigen levels at 95% specificity. Repeatability coefficients of variation across nine analyte concentrations were 5.3%, and intermediate precision coefficients of variation were 10.3%. Method comparisons showed good correlations with Architect and Kryptor systems (slopes of 1.1 and 1.5, respectively). Reference ranges for 95th percentiles for apparently healthy individuals were 2.3 ng/mL (95% confidence interval: 1.9-3.8; European cohort, n = 153) and 2.7 ng/mL (95% confidence interval: 2.2-3.3; Chinese cohort, n = 146). Strongest differential diagnosis results were observed for cervical squamous cell carcinoma: receiver operating characteristic analysis showed that squamous cell carcinoma antigen levels (2.9 ng/mL cut-off) differentiate cervical squamous cell carcinoma (n = 127) from apparently healthy females (n = 286; area under the curve: 86.2%; 95% confidence interval: 81.8-90.6; sensitivity: 61.4%; specificity: 95.6%), benign diseases (n = 187; area under the curve: 86.3%; 95% confidence interval: 81.2-91.3; sensitivity: 61.4%; specificity: 95.0%), and other cervical cancers (n = 157; area under the curve: 78.9%; 95% confidence interval: 70.8-87.1; sensitivity: 61.4%; specificity: 86.7%). Squamous cell carcinoma may also aid in the differential diagnosis of lung cancer. The Elecsys squamous cell carcinoma assay exhibited good technical performance and is suitable for differential diagnosis of cervical squamous cell carcinoma in clinical practice.
Introduction
Squamous cell carcinoma (SCC) is an epithelial malignancy that can arise from different types of tissue, including lung, cervix, and head and neck. 1 Due to the widespread location of epithelial lining in the respiratory and gynecological tracts, the prevalence of SCC is high in these regions. In non-small cell lung cancer (NSCLC), which accounts for approximately 85% of all patients with lung cancer, about 35% of cases are SCC. 2, 3 Furthermore, approximately 80% of cervical carcinomas and 90% of head and neck cancer cases are SCC. 4, 5 Squamous cell carcinoma antigen (SCCA) was first isolated from the uterus and is present in two isoforms: SCCA1 and SCCA2. 6 Both isoforms are co-expressed in the squamous epithelium of the cervix, tongue, tonsils, esophagus, and vagina. 7 Both isoforms of SCCA have been found to be elevated in cervical cancer. 8, 9 Levels are also elevated in the blood of patients with SCC of, for example, the cervix, 9,10 lung, 11 and head and neck. 12, 13 SCCA levels have also been shown to correlate with tumor stage in all of these SCC types. 9, 10, [12] [13] [14] [15] [16] Also in SCC of the lung, head and neck, SCCA1 and SCCA2 are co-expressed in moderately and well-differentiated tumors. 7, 8 Therefore, for optimal clinical sensitivity, assays should be capable of detecting both SCCA1 and SCCA2 in order to determine the total SCCA present. 13 Currently available assay systems are unable to differentiate the two isoforms in this manner, as they were not developed for this specific purpose.
In cases of suspected disease, SCCA levels are measured in the patient's serum using currently available immunoassays. [17] [18] [19] [20] As SCCA is present in saliva, hair, and skin particles that can be easily distributed in aerosols and dust, there is a high contamination risk that may lead to falsely elevated SCCA values in current assays. 21 In addition, false positives are common in patients with benign renal, skin, lung, and liver diseases. 12, [22] [23] [24] SCCA levels are also sensitive to blood collection timing (before vs after anesthesia) and procedure (venous vs arterial vessel puncture). 25 Previous studies have focused on the utility of SCCA as a marker for prognosis, monitoring, and recurrence in cervical, [26] [27] [28] [29] [30] [31] lung, [32] [33] [34] and head and neck cancers. 35, 36 Some publications suggest that the utility of SCCA is for histologic subtyping because significantly higher concentrations are found in patients with lung SCC or cervical SCC than in patients with adenocarcinoma of these sites. 37 However, published evidence on the practical use of SCCA to differentiate SCC from other types of malignancies or benign diseases is limited and its role is still unclear. 13 Guidance on SCCA diagnostic cut-offs and their relevant sensitivity and specificity are needed in order to aid clinical decisions.
This multi-center study was performed to first evaluate the technical performance of a new SCC assay, which was developed to measure serum levels of both SCCA1 and SCCA2. The second aim was to determine the distribution pattern of SCCA in cervical, lung, and head and neck SCC and investigate whether the new assay can be used for their differential diagnosis.
Methods

SCC assay
The Elecsys Ò SCC assay is an electrochemiluminescence immunoassay (ECLIA) that measures SCCA levels from serum samples and is used on the Elecsys and cobas e analyzers. The assay uses two SCC-specific monoclonal antibodies that recognize both SCCA1 and SCCA2 human isoforms in an equimolar manner. It utilizes a biotin-streptavidin sandwich principle and the read-out is via electrochemiluminescence. A 15-mL sample is required, and the total assay turnaround time is 18 min.
Sites and instruments
The technical and clinical performance of the SCC assay was evaluated between June 2014 and June 2015 across three European sites in Amsterdam, Barcelona, and Bonn. The clinical evaluation (reference range/differential diagnosis) took place at four European sites and two Chinese sites and followed a mainly retrospective case-control study design. For the European reference ranges, samples were measured from a banked collection in Kiel. Sites in China (Peking Union Medical College Hospital (PUMCH) and XuanWu Hospitals in Beijing) participated in the clinical evaluation only, which took place from April to June 2015. All measurements (both technical and clinical) using the Elecsys SCC assay were performed on either a cobas e 411 or a cobas e 601 analyzer.
Compliance with ethical standards
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study.
Sample sources and handling
All sample materials were stored after measurement and kept at 220°C or 280°C until the end of the study. Sample shipments were maintained at 220°C or 280°C. All procedures were performed to minimize sample contamination from external sources by using fresh pipette tips and vessels.
Technical assessment
Precision. Roche Diagnostics provided all sample material for the precision experiments, which were performed at the three European sites according to Clinical and Laboratory Standards Institute (CLSI) EP 05-A3 guidelines. 38 The repeatability experiment was completed in Amsterdam over 21 days.
Method comparisons. The SCC assay was compared with the commercially available Abbott Architect and Brahms Kryptor assays. Serum samples were collected from routine clinical practice and kept frozen until measurement. In addition, Roche Diagnostics provided human serum samples of high SCCA concentration and spiked samples not available from routine clinical practice. For each comparison, Passing-Bablok regression was used to estimate the agreement between the two systems. 39 A minimum of 100 samples were required to be analyzed by each center, according to the CLSI EP09-A3 guidelines. 40 
Clinical assessment
Reference range determination. Healthy samples from a single site (Kiel) were used to determine reference ranges for the European cohort; serum samples were collected from a sample bank from apparently healthy individuals at the Kiel site, and SCCA levels were measured in Bonn, Amsterdam, and Barcelona.
For the Chinese population reference ranges, samples from apparently healthy individuals were collected from the PUMCH and XuanWu Hospitals in Beijing. All samples were measured at the PUMCH site.
Recruitment was based on health checks and a questionnaire, and final inclusion for the reference range population was based on clinical chemistry parameters, including glucose, cholinesterase, creatinine, C-reactive protein (CRP), and hemoglobin levels, which were measured in Kiel. Individuals were excluded if these clinical chemistry results were abnormal. A minimum of 120 samples was required to determine the reference ranges for the 90% confidence intervals (CI), and 146 samples were needed for the 95% CI analyses.
Differential diagnosis. The main focus of the clinical part of the study was to determine whether cervical, lung, or head and neck cancer could be differentiated from apparently healthy, benign, or other malignant cohorts using SCCA levels alone. Pseudonymized samples from local serum banks were collected and used for the differential diagnosis experiments in Barcelona, Bonn, Amsterdam, and Beijing. European samples were measured at their respective European collecting sites, and all the Chinese samples were measured at PUMCH. The availability of informed consent or waiver was checked during source data verification. Patient samples were not taken before surgery or anesthesia, as is routine procedure for sample banks. Patient sample size determination for the differential diagnosis experiments was calculated as the minimum number of samples required to allow for basic descriptive analyses.
The main inclusion criteria for the apparently healthy differential diagnosis population were clinically apparently healthy with normal routine clinical chemistry results (including bilirubin, CRP, alanine aminotransferase, aspartate aminotransferase, and creatinine to exclude inflammation, kidney, or liver disease); no known history of tumor disease or severe benign lung disorders; no acute lung disorders; not receiving medication related to the excluded diseases/disorders; and documented smoking habits. Samples were not derived from blood donors and had to be obtained from a variety of ethnic groups.
For the malignant cohorts, patients were required to have primary tumors but to have not yet received therapy or surgery. Tumor Nodes Metastasis (TNM) and International Union Against Cancer (UICC) staging information was required.
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General exclusion criteria were as follows: aged \18 years, current pregnancy, and history of other malignant disease. Because SCCA levels tend to be higher in advanced chronic kidney disease (CKD), samples with a glomerular filtration rate (GFR) of \30 mL/min/ 1.73 m 2 (CKD stages 4 and 5) were excluded from all analyses, except for the analysis of benign renal diseases. 23, 24, 42, 43 The GFR threshold of 30 mL/min/ 1.73 m 2 was chosen because patients with a lower GFR were found to have CKD stages 4 and 5 (i.e. advanced) disease. 44 The effect of SCCA levels on age, gender, site, ethnicity, smoking status, and UICC staging was evaluated in the apparently healthy, benign, and malignant cohorts.
Statistical analysis
Measurements were captured using the Windows-based Computer Aided Evaluation (WinCAEv) software. 45 Clinical data were collected using Medrio and MACRO software. All statistical analyses using clinical and technical information were performed using R version 3.0.1 and Statistical Analysis Software (SAS) version 9.3. Technical experiments were analyzed with all data and after outlier exclusion/replacement. A consistent outlier identification and handling method was applied at all sites. For the precision experiments, repeatability, intermediate precision, and reproducibility were calculated using SAS (version 9.3) and R (version 3.0.1, additive package variance component analysis (VCA) version 1.0.6), and outlier detection was performed, all as described in the CLSI EP05-A3 guideline. 38 PassingBablok regression analysis and Pearson correlation coefficients were used to assess the correlation of the method comparison studies in compliance with CLSI EP09-A3. 36 For the method comparisons, no outlier detection method was applied.
Reference ranges were measured and statistically analyzed in accordance with the International Federation of Clinical Chemistry and Laboratory Medicine's recommendations for reference range determination. 46 Descriptive statistics for patient characteristics. To calculate reference ranges and determination of SCCA levels in the different cohorts, non-parametric quantile CIs based on the methods of Hahn and Meeker 47 were used. Receiver operating characteristic (ROC) curves and areas under the curve (AUCs) were calculated for the differential diagnosis analyses. Based on these results, the percentage sensitivity at 95% specificity was calculated; this 95% specificity was chosen based on the methods examined in a previous publication on cervical cancer. 48 Cut-offs were based on the SCCA levels at 95% specificity for the comparisons.
Patient data from the apparently healthy and benign head and neck cohorts that originated from the Barcelona site were excluded from the ROC analyses because these patients were unexpectedly positive for SCCA. No clear root cause could be found for these elevated levels of SCCA, but internal experiments performed at the site determined that these were likely due to known contamination risks such as saliva and dust, as reported in previous publications. 21 
Results
Technical assessment
Precision. The reproducibility, intermediate precision, and repeatability results across all sites are presented in Table 1 . For samples with a mean .1.8 ng/mL, the coefficient of variation (CV) should be used to assess precision: a CV 5% for .1.8-5 ng/mL and a CV 6.5% for .5-70 mg/mL are specified as acceptable for the intermediate precision and a CV 10% for .1.8-5 ng/mL is specified as acceptable for the reproducibility. Reproducibility performed over 21 days at the Amsterdam site resulted in a CV in the range 4.3%-8.0%. The intermediate precision ranged from 4.3% to 7.0%. The repeatability CVs were 3.8%. For samples with a mean 1.8 ng/mL, the standard deviation (SD) should be used to assess precision and an SD 0.2 is specified as acceptable. The range for reproducibility and intermediate precision was SD 0.1-0.2 and repeatability was SD 0.0-0.1.
Method comparison.
The slope between the cobas e 411 versus Architect was calculated as 1.13 (95% CI: 
Clinical assessment
Reference range determination. A total of 153 apparently healthy European individuals were included in the reference range analysis ( Table 2 ). The median concentration of SCCA in apparently healthy individuals was 1.1 ng/mL. The 95% and 97.5% quantiles were 2.3 ng/ mL (95% CI: 1.9-3.8) and 2.7 ng/mL (95% CI: 2.2-4.4), respectively. For the Chinese reference range cohort, samples from 146 individuals were analyzed. The median SCCA levels were 1.1 ng/mL, the 95th percentile was 2.7 ng/mL (95% CI: 2.2-3.3), and the 97.5th percentile was 3.0 ng/mL (95% CI: 2.5-4.1) ( Table 3 ).
Differential diagnosis: patient population. Patient demographics from the differential diagnostic population are shown in Table 2 . The mean age was 56.7 years (SD: 15.4) and the male-to-female ratio was almost equal. At least half of the patients were either current (34.7%) or past (15.6%) smokers. The effect of site, age, gender, ethnicities, and smoking on SCCA levels in different cohorts was investigated, but no major impact was found (data not shown). Males tended to have slightly higher SCCA levels than females in all cohorts, but the difference was marginal (interquartile range (IQR) overlapped: healthy males, 1.0-1.7 ng/mL and healthy females, 0.8-1.5 ng/mL) and most likely not clinically relevant, although could be a consequence of the composition of the cohorts.
Differential diagnosis: cervical cancer. Significantly higher median levels of SCCA were measured in cervical SCC patients (7.4 (IQR: 1.6-19.2) ng/mL) compared with apparently healthy females (1.06 (IQR: 0.8-1.6) ng/ mL), patients with benign gynecological diseases (1.2 (IQR 0.9-1.4) ng/mL), and patients with other cervical cancers (1.7 (IQR 1.4-1.9) ng/mL) ( Table 3) .
ROC analysis showed that cervical SCC could be differentiated from apparently healthy females with an AUC of 86.2% (95% CI: 81.8-90.6), benign gynecological diseases with an AUC of 86.3% (95% CI: 81.2-91.3), and other cervical cancers with an AUC of 78.9% (95% CI: 70.8-87.1) (Figure 2(a) ).
The sensitivity at 95% specificity for the comparisons between cervical SCC and healthy women was 61.4%, benign patients was 61.4%, and other cervical cancers was 55.9% (Table 4) .
The SCCA cut-off based on 95% specificity for all cervical differential diagnosis comparisons was 2.9 ng/mL. With this cut-off level, the sensitivity for detecting cervical SCC versus apparently healthy females was 61.4% and the specificity was 95.6% (Table 4) . Thus, 95.6% of apparently healthy females had SCCA levels 2.9 ng/mL, while 61.4% of patients with cervical SCC had SCCA levels .2.9 ng/mL. Due to very similar cut-off levels for each indication giving 95% specificity for the comparison with benign cervical cancer and other cervical cancers, the 2.9 ng/mL cut-off was applied for each indication. Thus, using the same SCCA cut-off of 2.9 ng/mL, the sensitivity for detecting cervical SCC versus benign disease was 61.4% and the specificity was 95.0%. SCCA levels of 2.9 ng/mL could discriminate between cervical SCC and other cervical cancers with 61.4% sensitivity and 86.7% specificity. Of note is the fact that significantly higher median SCCA levels were observed in the more advanced UICC stages of cervical cancer (IIB-IV) compared with the earlier stages (I-IIA; Figure 2(b) ).
Differential diagnosis: lung cancer. Median SCCA levels were slightly but non-significantly higher in the NSCLC SCC cohort (1.9 (IQR: 0.9-2.4) ng/mL) than in the healthy individuals (1.2 (IQR: 0.8-1.6) ng/mL), other NSCLC patients (1.0 (IQR: 0.7-1.7) ng/mL), and those with benign lung diseases (1.1 (IQR: 0.8-1.6) ng/mL) (Figure 3(a) and Table 3 ).
ROC analysis showed that SCCA was able to differentiate between lung cancer and apparently healthy individuals with an AUC of 72.5% (95% CI: 67.8-77.2), benign lung diseases with an AUC of 73.8% (95% CI: 68.6-79.1), and patients with NSCLC SCC and those with other NSCLC types (excluding mix/not otherwise specified (NOS)) with an AUC of 71.7% (95% CI: 67.2-76.2; Figure 3(b) ). Other NSCLC group includes adenocarcinoma (n = 261) + NSCLC other, excluding NSCLC mix/not otherwise specified (n = 18). AUC: area under the curve; NOS: not otherwise specified; NSCLC: non-small cell lung cancer; ROC: receiver operating characteristic; SCC: squamous cell carcinoma; SCCA: squamous cell carcinoma antigen; UICC: International Union Against Cancer.
The sensitivities at 95% specificity for the comparisons between lung SCC and healthy individuals was 34.4%, benign patients was 39.1%, and other NSCLC was 17.7% (Table 4) .
The relevant SCCA cut-off based on the 95% specificity for all lung differential diagnosis comparisons was calculated as 3.4 ng/mL. Using this SCCA cut-off of 3.4 ng/mL, it was possible to discriminate between NSCLC SCC and the apparently healthy patient cohort with a sensitivity and specificity of 28.4% and 98.4%, respectively. Thus, 98.4% of apparently healthy individuals had SCCA levels 3.4 ng/mL, while the SCCA level in 28.4% of patients with NSCLC SCC was .3.4 ng/mL. Again, the cut-off of 3.4 ng/mL produced .95% specificity for the comparison with benign lung cancer and other NSCLC, and thus one consistent cutoff level was deemed appropriate. The same SCCA cutoff was able to differentiate between the NSCLC SCC and benign lung diseases groups with a sensitivity and specificity of 28.4% and 96.7%, respectively, and between the NSCLC SCC and other NSCLC patients with a sensitivity of 28.4% and a specificity of 91.4%, respectively.
Higher SCCA levels were observed in the more advanced stages of NSCLC SCC, particularly for stages III-IV (2.2 (IQR: 1.3-5.1) ng/mL; p \ 0.001) (Figure 3(c) ).
Differential diagnosis: head and neck cancer. Median SCCA levels were slightly higher in the head and neck SCC patient cohort (2.0 (IQR: 1.3-2.9) ng/mL) compared with the apparently healthy individuals (1.2 (IQR: 0.8-1.6) ng/mL) (differences not significant) and similar to those with benign head and neck diseases (1.9 (IQR: 1.4-3.5) ng/mL; Table 3 ). However, the difference between the median SCCA levels in head and neck SCC versus controls was not as apparent as in the other two malignancies (i.e. NSCLC SCC and cervical SCC). SCCA levels (2.0 ng/mL) were higher in the head and neck SCC cohort than in those with head and neck cancers with other histologies (0.9 ng/mL).
ROC analysis showed the AUC for differentiating head and neck SCC versus apparently healthy individuals was 74.2% (95% CI: 69.2-79.1). Head and neck SCC could be distinguished from benign diseases with an AUC of 67.5% (95% CI: 59.5-75.6). The number of patients in the non-SCC head and neck cancer group was too low for a meaningful ROC analysis and it would be difficult to interpret the results.
The sensitivities at 95% specificity for the comparisons between head and neck SCC and healthy individuals was 26.6%, benign head and neck patients was 27.9 (Table 4) .
With an SCCA differential cut-off of .2.8 ng/mL, the sensitivity for head and neck SCC versus apparently healthy patients was 26.6% and the specificity was 95.5%. Using the same cut-off, the sensitivity for detecting head and neck SCC versus benign head and neck diseases was 26.6% (95% CI: 19.8-34.3), with a specificity of 100.0%.
No clear correlation was found between SCCA levels and UICC stages in the head and neck malignancy group (data not shown).
Discussion
This multi-center study evaluated the technical performance of a new SCC assay for measuring SCCA1 and SCCA2 serum levels in an equimolar manner, the first assay available to do so. Currently, studies on the usefulness of the SCCA biomarker as a tool for the differential diagnosis of patients with SCC are limited. Therefore, the clinical utility of the biomarker for differential diagnosis of cervical, lung, and head and neck SCC was also evaluated. Over 2000 samples were tested from patients from various cohorts, one of the largest studies to do so.
Overall, the Elecsys SCC assay showed good precision and agreement with other commercially available assays. [17] [18] [19] [20] Outliers were removed from the precision results; these were likely due to skin or saliva contamination issues, as is common with SCCA. 21 Removal of three outliers was in line with the CLSI EP05-A3 outlier analysis method. 38 Even when outliers were included, the technical performance results of the Elecsys SCC assay were well correlated with those of the Architect assay, the most commonly used method. This similar technical performance was despite the antibody differences in the ability to detect both isoforms SCCA1 and SCCA2. It should be noted that the slope of 1.5, in comparison with the Kryptor method, must be taken into consideration when laboratories change methods. The Elecsys SCC ECLIA is the only assay to detect SCCA1 and SCCA2 in equimolar manner; this could be the reason for the differences seen here. In addition, individual differences may occur when using different methods. Therefore, marker kinetics can be interpreted only when the same methods are used for serial determinations.
Both European and Chinese samples from healthy patients were analyzed to determine accurate reference ranges for both a Caucasian population and a Chinese one. The median reference range values were 1.1 ng/mL (95th percentile, 2.3 ng/mL) for the European cohort and 1.1 ng/mL (95th percentile, 2.7 ng/mL) for the Chinese cohort. These were both similar to estimations from previous studies: the Architect found 2.1 ng/mL for the 95th percentile in a population of patients in the United States 20 or slightly higher than other reported values. 13 SCCA levels were far higher in the cervical SCC patient population than the other populations, as has been seen previously. 9, 10, 13 The SCCA levels were not as high in the lung or head and neck SCC cohorts as previously observed. [11] [12] [13] Gender, age, ethnicity, and smoking status had no significant effect on SCCA levels. This was also true for the apparently healthy patient cohort.
In terms of using SCCA as a differential diagnosis tool, the strongest results were observed with the cervical SCC cohort. At 95% sensitivity, the specificity was 61.4% for differentiating healthy and benign cohorts and 55.9% for other cervical malignancies. It was considered useful to have one clinically relevant cut-off to distinguish patients with cervical SCC from other patients: to achieve a 95.6% specificity of SCCA in diagnosing cervical SCC, a cut-off of 2.9 ng/mL was applied. Therefore, in approximately 96% of patients, SCCA levels alone would be able to correctly differentiate between those with cervical SCC versus apparently healthy individuals or those with benign diseases. In 86.6% of patients, an SCCA of 2.9 ng/mL was able to discriminate cervical SCC from other types of cervical cancer. The most recent National Association of Clinical Biochemistry guidelines, published in 2010, state that diagnosis of cervical SCC in all cases should be determined by histopathological findings only; however, the results from our study show that SCCA could also be a sensitive tool for the differential diagnosis of cervical SCC. 13 Higher SCCA levels were observed in the more advanced stages of cervical SCC, which is consistent with previous findings. 13 The large increase in SCCA levels from stages I-IIA to stages IIB-IV cervical cancer is clinically relevant and should be further exploited for early cancer detection. This large increase between stages IIA and IIB was also reported in previous studies. 9, 10, [13] [14] [15] [16] 30, 49 This increase between IIA and IIB is interesting and, based on these results, using a simple blood test SCCA levels could potentially be a differentiator between these two stages. Historically, stage IIA is still considered ''early stage'' and upfront surgery is an option. 50 However, stage IIB and higher fall into the ''locally advanced'' category and primary treatment is definitive chemo-radiation. In addition, cervical cancer is highly prevalent in low-income countries with limited resources, for example, for exploratory laparoscopy or advanced imaging and hence SCCA levels could be a useful and cheap quick additional diagnostic test to stratify patients and better allocate limited resources. Along the patient flow, one could envision a continuum for SCCA use. In patients with indeterminate clinical gynecologic findings, elevated SCCA levels would increase suspicion for cervical carcinoma and prevent further delay in work-up. Since approximately 10% of cervical carcinomas are not the SCC type, SCCA levels could be used to identify patients with these unclassified cervical malignancies. In addition, in patients with diagnosed cervical SCC, higher SCCA levels would raise the suspicion of more advanced disease, and thus additional tests for staging might be considered, for example, a bone scan to rule out bone metastases.
In lung cancer, the ability of SCCA to discriminate between SCC and apparently healthy, benign, and SCLC types was moderate. It is interesting to note that abnormal SCCA levels are suggestive, with high probability, of NSCLC and especially SCC. 51, 52 In lung cancer, SCC is therefore likely to be most useful when used in conjunction with other biomarkers, such as carcinoembryonic antigen (CEA), cytokeratin-19 fragment (CYFRA 21-1), neuron-specific enolase (NSE), or progastrin-releasing peptide (ProGRP). 51, 53 Further work to investigate its use with other multi-markers is currently being done.
Previous studies have shown SCCA levels to be elevated in patients with head and neck cancer, 36, 54 and higher in patients with more advanced disease. 12, 35 However, we found little difference in the SCCA levels of head and neck SCC patients compared with those with benign diseases. In addition, no clear pattern was observed among the TNM staging. The ability of SCCA to discriminate head and neck cancers from apparently healthy patients or those with benign diseases was low, with 26.6% and 27.9% sensitivity, respectively, at 95% specificity. These results suggest that SCCA as a single marker is not useful in the staging or differential diagnosis of head and neck cancer.
Potential limitations of the study include the use of samples from serum banks and employing precautions to minimize the risk of possible contamination, which may not be wholly representative of routine working in clinical laboratories.
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